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(57) ABSTRACT

A semiconductor device includes a semiconductor chip
mounted to a mounting substrate with an interposer inter-
posed therebetween such that a surface of the semiconductor
chip on which bumps are formed faces a surface of the
mounting substrate. The mounting substrate has a plurality
of metal parts formed as terminals on a surface of the
mounting substrate and in contact with electrode pads con-
nected to multilayer wiring. The semiconductor chip has a
plurality of functional elements formed 1n an inner layer and
a plurality of bumps formed 1n contact with element wiring
lines of the functional elements such that the bumps protrude
from the surface of the semiconductor chip. The interposer
has a plurality of first recesses formed in the surface of the
interposer facing the surface of the semiconductor chip on
which the bumps are formed such that the first recesses

accommodate only the bumps.
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1
SEMICONDUCTOR DEVICE

This application claims priority from Japanese Patent
Application No. 2018-097795 filed on May 22, 2018. The
content of this application 1s incorporated herein by refer-
ence 1n its entirety.

BACKGROUND OF THE DISCLOSURE
1. Field of the Disclosure

The present disclosure relates to a semiconductor device
including an interposer interposed between a semiconductor
chip and a mounting substrate such that a surface of the
semiconductor chip on which bumps are formed faces a
surface of the mounting substrate.

2. Description of the Related Art

In the related art, this type of semiconductor device
including an interposer 1s disclosed 1n, for example, Japa-
nese Unexamined Patent Application Publication No. 2007 -
142026 (Patent Document 1). This semiconductor device
includes semiconductor chips mounted to both surfaces of
an 1nterposer with bumps interposed therebetween. The
interposer has a front groove formed on the front side
thereol, a back groove formed on the back side thereof, and
a through-hole formed at a predetermined position between
the front and back grooves. A conductive member extends
through and fills the front and back grooves and the through-
hole, thereby forming a front groove wiring line on the front
side of the interposer, a back groove wiring line on the back
side of the interposer, and a via between the wiring lines.
Each semiconductor chip includes a semiconductor sub-
strate and a functional element formed thereon. The func-
tional elements are bonded to the front and back groove
wiring lines of the interposer by tlip-chip bonding with
bumps interposed therebetween such that the functional
clements face the interposer, 1.e., in a face-down manner.

Unfortunately, the thickness of the semiconductor device
of the related art disclosed 1n Patent Document 1 1s equal to
at least the sum of the thicknesses of the semiconductor
chips, the thicknesses of the bumps formed on both surfaces
of the interposer, and the thickness of the interposer. This
makes 1t diflicult for the semiconductor device of the related
art to have a lower profile. In addition, 1t 1s diflicult for the
heat generated by the functional elements formed in the
semiconductor chips to escape; thus, the heat remains in the
interposer between the functional elements.

BRIEF SUMMARY OF THE DISCLOSURE

According to preferred embodiments of the present dis-
closure, a semiconductor device includes a mounting sub-
strate having a metal part formed in contact with an elec-
trode pad on a surface of the mounting substrate such that
the metal part protrudes from the surface of the mounting
substrate; a semiconductor chip having a functional element
and a bump formed 1n contact with an element wiring line
of the functional element such that the bump protrudes from
a surface of the semiconductor chip; and an interposer
interposed between the semiconductor chip and the mount-
ing substrate such that the surface of the semiconductor chip
on which the bump i1s formed faces the surface of the
mounting substrate. The interposer has a first recess formed
in a surface of the interposer facing the surface of the
semiconductor chip on which the bump 1s formed such that
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the first recess accommodates the bump. An interposer
wiring line forming a connection between the bump and the
metal part or a passive element connected to the iterposer
wiring line 1s formed 1n the first recess.

According to this configuration, when the semiconductor
chip 1s mounted to the mounting substrate with the inter-
poser interposed therebetween such that the surface on
which the bump 1s formed faces the surface of the mounting
substrate, the bump formed so as to protrude from the
surface of the semiconductor chip 1s accommodated in the
first recess formed 1n the surface of the interposer facing the
surface of the semiconductor chip on which the bump 1s
formed. Thus, the height at which the semiconductor chip 1s
mounted to the surface of the mounting substrate with the
interposer interposed therebetween becomes smaller by the
height by which the bump 1s accommodated in the first
recess. This allows the semiconductor device to have a lower
profile and therefore a smaller size. In addition, since the
semiconductor chip 1s attached to the interposer such that the
bump 1s accommodated in the first recess, the semiconductor
chip can be easily aligned with the interposer.

In addition, the heat generated by the operation of the
functional element 1s transferred through the element wiring
line and the bump to the thin portion of the interposer where
the first recess 1s formed. This heat dissipates to the periph-
ery of the interposer and also dissipates through the metal
part to the mounting substrate. The thin portion of the
interposer allows the heat to readily escape from that portion
to the periphery of the interposer. This improves the heat
dissipation performance for the heat generated by the func-
tional element formed in the semiconductor chip and thus
reduces the degradation of the element characteristics of the
functional element and the likelihood of thermal runaway. In
addition, the iterposer has no through-hole formed therein,
unlike those of semiconductor devices in the related art.
Thus, the interposer 1s not physically damaged and main-
tains its mechanical strength.

Thus, preferred embodiments of the present disclosure
provide a semiconductor device that has a smaller size and
improved heat dissipation performance and that includes an
interposer having a mechanically robust structure.

Other features, elements, characteristics and advantages
of the present disclosure will become more apparent from
the following detailed description of preferred embodiments

of the present disclosure with reference to the attached
drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 1s a sectional view of a semiconductor device
including an interposer according to a first embodiment of
the present disclosure;

FIG. 2 1s a sectional view of a heterojunction bipolar
transistor formed as an example functional element 1n a
semiconductor chip mounted to a semiconductor device
according to each embodiment;

FIG. 3 1s a sectional view of a semiconductor device
including an interposer according to a second embodiment
of the present disclosure;

FIG. 4 1s a sectional view of a semiconductor device
including an interposer according to a third embodiment of
the present disclosure;

FIG. 5 1s a sectional view of a semiconductor device
including an interposer according to a fourth embodiment of
the present disclosure;
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FIG. 6A 1s a sectional view of a semiconductor device
including an interposer according to a fifth embodiment of

the present disclosure, and FIG. 6B 1s a sectional view of a
semiconductor device including an interposer according to a
modification of the fifth embodiment:

FIGS. 7A to 7E are sectional views illustrating the first
half of a process of manufacturing the mterposer of the
semiconductor device according to the fifth embodiment;

FIGS. 8A to 8C are sectional views illustrating the second
half of the process of manufacturing the mterposer of the
semiconductor device according to the fifth embodiment;

FIG. 9 1s a sectional view of a semiconductor device
including an interposer according to a sixth embodiment of
the present disclosure;

FIG. 10 1s a sectional view of a semiconductor device
including an interposer according to a seventh embodiment
of the present disclosure;

FIG. 11 1s a sectional view of a semiconductor device
including an interposer according to an eighth embodiment
of the present disclosure; and

FIG. 12 1s a sectional view of a semiconductor device
including an interposer according to a ninth embodiment of
the present disclosure.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

(Ll

Next, semiconductor devices 1ncluding interposers
according to embodiments of the present disclosure will be
described.

FIG. 1 1s a sectional view of a semiconductor device 2A
including an interposer 1A according to a first embodiment
of the present disclosure.

The semiconductor device 2A includes a mounting sub-
strate 3 and a semiconductor chip 4 mounted thereto with the
interposer 1A interposed therebetween. The mounting sub-
strate 3 includes multilayer wiring and has a plurality of
metal parts 5 formed as terminals on a surface of the
mounting substrate 3 and in contact with electrode pads
connected to the multilayer wiring. The semiconductor chip
4 has a plurality of functional elements 6 formed 1n an 1nner
layer and a plurality of bumps 8 formed in contact with
clement wiring lines 7 of the functional elements 6 such that
the bumps 8 protrude from the surface of the semiconductor
chip 4. The regions where the functional elements 6 are
formed partially or completely overlap with the regions
where the bumps 8 are formed 1n the thickness direction of
the semiconductor chip 4. The element wiring lines 7 are
formed of a metal. The bumps 8 are pillar-shaped and are
formed of a metal such as copper. The semiconductor chip
4 1s mounted to the mounting substrate 3 with the interposer
1A interposed therebetween such that the surface on which
the bumps 8 are formed faces the surface of the mounting,
substrate 3.

The interposer 1A has a plurality of first recesses 1la
formed 1n the surface of the interposer 1A facing the surface
of the semiconductor chip 4 on which the bumps 8 are
formed such that the first recesses 1a accommodate only the
bumps 8. Interposer wiring lines 9 forming connections
between the bumps 8 and the metal parts 5 are formed 1n the
first recesses la. In some cases, passive elements 10 con-
nected to the iterposer wiring lines 9 are also formed 1n the
first recesses 1a. The interposer 1A 1s formed of one or more

suitable matenals selected from Al,O;, ZrO,, T10,, S10,,
B,C, S1;N,, AIN, S1AION, S1, GaN, and S1C; however, any
base material may be used. Maternials with low relative
dielectric constants, such as Si10,, have superior radio-
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4

frequency characteristics and are therefore suitable as a
matenial for the interposer 1A used in the semiconductor
device 2A for radio-frequency applications. The interposer
1A may also be formed of a ceramic such as a low-
temperature co-fired ceramic (LTCC), which 1s formed from
alumina with a glass-based material added thereto and 1is
fired at low temperature, or a resin material, which 1s a
low-cost material. The iterposer 1A preferably has a thick-
ness of about 100 nm to about 500 um.

The interposer 1A has a plurality of protrusions 15 formed
at positions adjacent to the first recesses 1a. The surfaces of
the protrusions 15 face the surface of the semiconductor chip
4 on which the bumps 8 are formed. Other interposer wiring
lines 9 or passive elements 10 connected to the interposer
wiring lines 9 are disposed on the surfaces of the protrusions
15 such that the interposer wiring lines 9 or the passive
clements 10 are separated from the surface on which the
bumps 8 are formed. The head portions of the bumps 8 are
bonded with a solder 11 to the interposer wiring lines 9 or
the passive elements 10 formed 1n the first recesses 1a. The
surface of the interposer 1A facing away from the surface on
which the bumps 8 are formed 1s bonded with a solder 12 to
the metal parts 5. The interposer wiring lines 9 or the passive
clements 10 formed 1n the first recesses 1a are connected to
the metal parts 5 through wiring lines 13 formed along the
outer periphery of the mterposer 1A. The interposer wiring
lines 9 or the passive elements 10 disposed on the surfaces
of the protrusions 15 are connected to the metal parts 5
through wiring lines 14 formed along the outer periphery of
the 1mnterposer 1A and the solder 12.

FIG. 2 1s a sectional view of a heterojunction bipolar
transistor (hereinafter referred to as “HBT”) 6A formed as
an example functional element 6 1n the semiconductor chip
4. The HBT 6A 1s formed on a surface of a semi-insulating
(GaAs substrate 21 and 1s surrounded by 1solation regions 22.
The HBT 6A includes a subcollector layer 23, a collector
layer 24, a base layer 25, an emitter layer 26, an emitter
clectrode 27, a first wiring line 28, and a second wiring line
29. The first wiring line 28 and the second wiring line 29
correspond to the element wiring lines 7 shown in FIG. 1.
Collector electrodes 30 are formed on the portions of the
subcollector layer 23 around the periphery of the collector
layer 24 and are connected to other first wiring lines 28. Base
clectrodes 31 are formed on the portions of the base layer 25
around the periphery of the emitter layer 26. The periphery
of the HBT 6A 1s covered by a first mnsulating film 32 and
a second 1sulating film 33 such as SiN films. The surface of
the topmost layer, 1.¢., the second wiring line 29, 1s covered
by a protective insulating film 34. A bump 8 with a thickness
t of about 20 um to about 100 um 1s formed on a portion of
the surface of the second wiring line 29 from which the
protective msulating film 34 has been removed.

For the semiconductor device 2A including the interposer
1A according to the first embodiment, when the semicon-
ductor chip 4 1s mounted to the mounting substrate 3 with
the imterposer 1A 1nterposed therebetween such that the
surface on which the bumps 8 are formed faces the surface
of the mounting substrate 3, the bumps 8 formed so as to
protrude from the surface of the semiconductor chip 4 are
accommodated 1n the first recesses 1a formed 1n the surface
of the interposer 1A facing the surface of the semiconductor
chip 4 on which the bumps 8 are formed. Thus, the height
at which the semiconductor chip 4 1s mounted to the surface
of the mounting substrate 3 with the interposer 1A 1inter-
posed therebetween becomes smaller by the height by which
the bumps 8 are accommodated 1n the first recesses 1a. This
allows the semiconductor device 2A to have a lower profile
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and therefore a smaller size. In addition, since the semicon-
ductor chip 4 1s attached to the interposer 1A such that the
bumps 8 are accommodated in the first recesses 1la, the
semiconductor chip 4 can be easily aligned with the inter-
poser 1A.

In addition, the heat generated by the operation of the
functional elements 6 1s transierred through the clement
wiring lines 7 and the bumps 8 to the thin portions of the
interposer 1A where the first recesses 1la are formed. This
heat dissipates to the periphery of the interposer 1A and also
dissipates through the metal parts 5 to the mounting sub-
strate 3. The thin portions of the interposer 1A allow the heat
to readily escape from that portion to the periphery of the
interposer 1A. This improves the heat dissipation pertor-
mance for the heat generated by the functional elements 6
formed 1n the semiconductor chip 4 and thus reduces the
degradation of the element characteristics of the functional
clements 6 and the likelithood of thermal runaway.

In addition, the mterposer 1A has no through-hole formed
therein, unlike those of semiconductor devices 1n the related
art. Thus, the iterposer 1A 1s not physically damaged and
maintains its mechanical strength. This provides a semicon-
ductor device 2A that has a smaller size and improved heat
dissipation performance and that includes an interposer 1A
having a mechanically robust structure.

For the semiconductor device 2A including the interposer
1A according to the first embodiment, the heat generated by
the operation of the functional elements 6 and transierred to
the interposer wiring lines 9 or the passive elements 10
formed 1n the first recesses 1a 1s also transierred through the
wiring lines 13 formed along the outer periphery of the
interposer 1A to the metal parts 5 and thereby dissipates to
the outer periphery of the interposer 1A and to the mounting,
substrate 3. The wiring lines 13 formed along the outer
periphery of the iterposer 1A are longer than those formed
through the interposer 1A. Thus, much of the heat trans-
terred to the interposer wiring lines 9 or the passive elements
10 formed 1n the first recesses 1a escapes over the long heat
dissipation path on which the heat 1s transferred through the
wiring lines 13 formed along the outer periphery of the
interposer 1A to the metal parts 5. In this way, the heat
generated by the functional elements 6 formed 1n the semi-
conductor chip 4 also dissipates from the interposer wiring
lines 9 or the passive elements 10 through the wiring lines
13 formed along the outer periphery of the iterposer 1A.
This further improves the heat dissipation performance for
the heat generated by the functional elements 6 and thus
cllectively reduces the degradation of the element charac-
teristics of the functional elements 6 and the likelihood of
thermal runaway.

For the semiconductor device 2A including the interposer
1A according to the first embodiment, the heat generated by
the operation of the functional elements 6 1s also transierred
by radiation to the interposer wiring lines 9 or the passive
clements 10 formed on the surfaces of the protrusions 16 of
the interposer 1A such that the iterposer wiring lines 9 or
the passive elements 10 are separated from the surface of the
semiconductor chip 4 on which the bumps 8 are formed. The
heat transierred by radiation to the iterposer wiring lines 9
or the passive elements 10 1s transierred through the wiring
lines 14 formed along the outer periphery of the interposer
1A to the metal parts 5. The wiring lines 14 formed along the
outer periphery of the mterposer 1A are longer than those
formed through the interposer 1A. Thus, much of the heat
transierred to the interposer wiring lines 9 or the passive
clements 10 formed on the surfaces of the protrusions 15
escapes over the long heat dissipation path on which the heat
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1s transierred through the wiring lines 14 formed along the
outer periphery of the interposer 1A to the metal parts 5. In
this way, the heat generated by the functional elements 6
formed in the semiconductor chip 4 also dissipates by
radiation to the interposer wiring lines 9 or the passive
clements 10 disposed on the surfaces of the protrusions 15.
This further improves the heat dissipation performance for
the heat generated by the functional elements 6 and thus
more ellectively reduces the degradation of the element
characteristics of the functional elements 6 and the likel:-
hood of thermal runaway.

For the semiconductor device 2A including the interposer
1A according to the first embodiment, the regions where the
functional elements 6 are formed partially or completely
overlap with the regions where the bumps 8 are formed 1n
the thickness direction of the semiconductor chip 4. Thus,
the heat generated by the operation of the functional ele-
ments 6 1s quickly transferred to the bumps 8, thus 1mprov-
ing the heat dissipation performance.

FIG. 3 1s a sectional view of a semiconductor device 2B
including an interposer 1A according to a second embodi-
ment of the present disclosure. In this figure, the same
reference numerals are assigned to the parts identical or
corresponding to those 1 FIG. 1, and a description thereof
1s omitted herein.

The semiconductor device 2B according to the second
embodiment differs from the semiconductor device 2A
according to the first embodiment as follows. The interposer
1A has a plurality of metal films 15, serving as terminals,
formed on the surface of the mterposer 1A opposite to the
surtace 1n which the first recesses 1la are formed such that
the metal films 15 face the metal parts 5. The interposer 1A
1s bonded to the solder 12 with the metal films 135 interposed
therebetween. The interposer wiring lines 9 or the passive
clements 10 formed 1n the first recesses 1a are connected to
the metal films 15 through the wiring lines 13 formed along
the outer periphery of the interposer 1A. The interposer
wiring lines 9 or the passive elements 10 disposed on the
surfaces of the protrusions 15 are connected to the metal
films 15 through the wiring lines 14 formed along the outer
periphery of the interposer 1A. The remaining configuration
1s sumilar to that of the semiconductor device 2A according
to the first embodiment. The metal films 15 have a higher
thermal conductivity than the base material of the interposer
1A, for example, S10,,.

The operation and advantages of the semiconductor
device 2B according to the second embodiment are similar
to those of the semiconductor device 2A according to the
first embodiment. For the semiconductor device 2B accord-
ing to the second embodiment, the metal films 15 formed on
the interposer 1A allow more heat to dissipate from the metal
films 15, which have a higher thermal conductivity than the
base material of the interposer 1A, to the outer periphery of
the interposer 1A, thus increasing the heat dissipation per-
formance. In this way, the heat generated by the functional
clements 6 formed 1n the semiconductor chip 4 dissipates
ciiciently from the metal films 15 formed on the surface of
the interposer 1A. This improves the heat dissipation per-
formance for the heat generated by the functional elements
6 as compared to the first embodiment and thus effectively
reduces the degradation of the element characteristics of the
functional elements 6 and the likelihood of thermal runaway.

For the semiconductor device 2B according to the second
embodiment, the heat transferred by the radiation to the
interposer wiring lines 9 or the passive elements 10 also
dissipates with high heat dissipation performance from the
metal films 15, which have a higher thermal conductivity
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than the base material of the interposer 1A, to the outer
periphery of the interposer 1A. This further improves the
heat dissipation performance for the heat generated by the
functional elements 6 and thus more eflectively reduces the
degradation of the element characteristics of the functional
clements 6 and the likelihood of thermal runaway.

FIG. 4 1s a sectional view of a semiconductor device 2C
including an mterposer 1B according to a third embodiment
of the present disclosure. In this figure, the same reference
numerals are assigned to the parts 1dentical or corresponding,
to those 1n FIG. 1, and a description thereof 1s omitted
herein.

The semiconductor device 2C according to the third
embodiment differs from the semiconductor device 2A
according to the first embodiment in that the interposer 1B
has second recesses 1¢ formed 1n the surface of the inter-
poser 1B facing the surface of the mounting substrate 3 such
that the second recesses 1¢ accommodate the metal parts 5.
The remaining configuration 1s similar to that of the semi-
conductor device 2A according to the first embodiment.

The operation and advantages of the semiconductor
device 2C according to the third embodiment are similar to
those of the semiconductor device 2A according to the first
embodiment. For the semiconductor device 2C according to
the third embodiment, when the semiconductor chip 4 1s
mounted to the mounting substrate 3 with the interposer 1B
interposed therebetween such that the surface on which the
bumps 8 are formed faces the surface of the mounting
substrate 3, the bumps 8 formed so as to protrude from the
surface of the semiconductor chip 4 are accommodated 1n
the first recesses 1a formed 1n the surface of the interposer
1B facing the surface of the semiconductor chip 4 on which
the bumps 8 are formed. The metal parts 5 formed so as to
protrude from the surface of the mounting substrate 3 are
accommodated 1n the second recesses 1c formed i1n the
surface of the interposer 1B {facing the surface of the
mounting substrate 3. Thus, the height at which the semi-
conductor chip 4 1s mounted to the surface of the mounting
substrate 3 with the interposer 1B interposed therebetween
becomes smaller by the height by which the metal parts 5 are
accommodated 1n the second recesses 1c¢ 1n addition to the
height by which the bumps 8 are accommodated in the first
recesses la. This allows the semiconductor device 2C to
have an even lower profile and therefore an even smaller
size. In addition, since the interposer 1B 1s attached to the
mounting substrate 3 such that the metal parts 5 are accom-
modated 1n the second recesses 1c¢, the iterposer 1B can be
casily aligned with the mounting substrate 3.

In addition, the portions of the interposer 1B between the
first recesses 1a and the second recesses 1c¢ are thinner than
the corresponding portions of the first embodiment, thus
turther improving the heat dissipation performance for the
heat dissipated from the thin portions of the mterposer 1B.
This further improves the heat dissipation performance for
the heat generated by the functional elements 6 as compared
to the first embodiment and thus effectively reduces the
degradation of the element characteristics of the functional
clements 6 and the likelihood of thermal runaway.

FIG. 5 1s a sectional view of a semiconductor device 2D
including an interposer 1C according to a fourth embodi-
ment of the present disclosure. In this figure, the same
reference numerals are assigned to the parts i1dentical or
corresponding to those 1 FIG. 3, and a description thereof
1s omitted herein.

The semiconductor device 2D according to the fourth
embodiment differs from the semiconductor device 2B
according to the second embodiment in that the interposer
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1C has second recesses 1¢ formed in the surface of the
interposer 1C facing the surface of the mounting substrate 3
such that the second recesses 1¢ accommodate the metal
films 15 and the metal parts 5. The remaiming configuration
1s similar to that of the semiconductor device 2B according
to the second embodiment.

The operation and advantages of the semiconductor
device 2D according to the fourth embodiment are similar to
those of the semiconductor device 2B according to the
second embodiment. For the semiconductor device 2D
according to the fourth embodiment, when the semiconduc-
tor chip 4 1s mounted to the mounting substrate 3 with the
interposer 1C interposed therebetween such that the surface
on which the bumps 8 are formed faces the surface of the
mounting substrate 3, the bumps 8 formed so as to protrude
from the surface of the semiconductor chip 4 are accom-
modated 1n the first recesses 1a formed 1n the surface of the
interposer 1C facing the surface of the semiconductor chip
4 on which the bumps 8 are formed. The metal films 15 and
the metal parts 5 formed so as to protrude from the surface
of the mounting substrate 3 are accommodated 1n the second
recesses 1c¢ formed 1n the surface of the interposer 1C facing,
the surface of the mounting substrate 3. Thus, the height at
which the semiconductor chip 4 1s mounted to the surface of
the mounting substrate 3 with the iterposer 1C 1nterposed
therebetween becomes smaller by the height by which the
metal films 15 and the metal parts 5 are accommodated 1n
the second recesses 1¢ 1n addition to the height by which the
bumps 8 are accommodated 1n the first recesses 1a. This
allows the semiconductor device 2D to have an even lower
profile and therefore an even smaller size. In addition, since
the 1nterposer 1C 1s attached to the mounting substrate 3
such that the metal films 15 and the metal parts 5 are
accommodated in the second recesses 1c¢, the mterposer 1C
can be easily aligned with the mounting substrate 3.

In addition, the portions of the iterposer 1C between the
first recesses 1a and the second recesses 1¢ are thinner than
the corresponding portions of the second embodiment, thus
turther improving the heat dissipation performance for the
heat dissipated from the thin portions of the interposer 1C.
This further improves the heat dissipation performance for
the heat generated by the functional elements 6 as compared
to the second embodiment and thus eflectively reduces the
degradation of the element characteristics of the functional
clements 6 and the likelihood of thermal runaway.

FIG. 6A 1s a sectional view of a semiconductor device
2E1 including an interposer 1D according to a fifth embodi-
ment of the present disclosure. In this figure, the same
reference numerals are assigned to the parts identical or
corresponding to those 1n FIG. 4, and a description thereof
1s omitted herein.

The semiconductor device 2E1 according to the fifth
embodiment differs from the semiconductor device 2C
according to the third embodiment in that interposer wiring
lines 16 are formed in the first recesses 1a of the interposer
1D 1nstead of the interposer wiring lines 9 or the passive
clements 10. The remaining configuration 1s similar to that
of the semiconductor device 2C according to the third
embodiment. The interposer wiring lines 16 are formed
between both surfaces of the portions of the interposer 1D
under the bottom surfaces of the first recesses 1la, as
described below, and electrically and thermally connect both
surfaces of the interposer 1D.

FIGS. 7A to 7E are sectional views illustrating the first
half of a process of manufacturing the interposer 1D. FIGS.
8A to 8C are sectional views 1llustrating the second half of
the process of manufacturing the interposer 1D.
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As shown 1n FIG. 7A, a Cu plating layer 42a 1s first
formed 1n a predetermined wiring pattern on an insulator
41a, such as a resin, that becomes a part of the interposer 1D.
As shown 1n FIG. 7B, predetermined portions of the insu-
lator 41a are then removed to form openings 43. As shown
in FIG. 7C, a Cu plating layer 426 1s then formed 1n a
predetermined wiring pattern on the surface of the insulator
41a. The Cu plating layer 425 fills the openings 43 to form
vias that electrically connect the Cu plating layer 425 to the
lower Cu plating layer 42a. As shown in FIG. 7D, an
insulator 415 made of the same material as the insulator 41a
1s then formed on the Cu plating layer 426 by coating and
firing. After firing, predetermined portions of the insulator
41b are removed to form openings 44. As shown 1n FIG. 7E,
a Cu plating layer 42¢ 1s then formed 1n a predetermined
wiring pattern on the surface of the isulator 415. Option-
ally, passive elements 45 are formed so as to be embedded
in the insulator 415 and 1n contact with the lower Cu plating
layer 425 or the upper Cu plating layer 42¢. The Cu plating
layer 42¢ fills the openings 44 to form vias that electrically
connect the Cu plating layer 42¢ to the lower Cu plating
layer 4256 or the passive elements 45. After these steps, the
interposer wiring lines 16 and the passive elements 45 are
formed by the Cu plating layers 42a to 42c.

The interposer wiring lines 16 and the passive elements
435 1n the state shown in FIG. 7E are then placed upside down
as shown 1n FIG. 8A. An nsulator 41¢ having openings and
made of the same material as the 1nsulator 41a 1s laminated
and fired on the top side. An msulator 414 having openings
and made of the same material as the msulator 41a 1is
laminated and fired on the bottom side. As a result, the
interposer 1D in the state shown 1n FIG. 8B 1s formed by the
insulators 41a to 41d, with the iterposer wiring lines 16
extending between both surfaces of the interposer 1D. As
shown 1 FIG. 8C, the interposer wiring lines 9 or the
passive elements 10 are then formed on the surfaces of the
protrusions 15 of the interposer 1D by Cu plating. The solder
11 1s applied to the Cu plating layer 42a that forms the
highest layer of the interposer wiring lines 16. The solder 12
1s applied to the Cu plating layer 42¢ that forms the lowest
layer of the interposer wiring lines 16. The interposer wiring
lines 9 and 16 may not necessarily be formed by Cu plating,
but may instead be formed from other conductive matenals.

Subsequently, as shown 1n FIG. 6A, the semiconductor
chip 4 1s attached to the interposer 1D by bonding the bumps
8 to the solder 11, and the interposer 1D 1s attached to the
mounting substrate 3 by bonding the metal parts 5 to the
solder 12. The semiconductor device 2E1 having the struc-
ture shown 1n FIG. 6A 1s finished.

The operation and advantages of the semiconductor
device 2E1 according to the fifth embodiment are similar to
those of the semiconductor device 2C according to the third
embodiment. For the semiconductor device 2E1 according
to the fifth embodiment, the bumps 8 on the semiconductor
chip 4 can be connected to the metal parts 5 on the surface
of the mounting substrate 3 at the shorter distance through
the interposer wiring lines 16. The passive elements 45, such
as capacitors and inductors, formed on the interposer wiring
lines 16 can also be connected to the bumps 8 at a shorter
distance. This improves the heat dissipation performance for
the heat generated by the functional elements 6 and dissi-
pated to the mounting substrate 3 and also reduces the
parasitic inductance and resistance of the iterposer wiring,
lines 16, thus improving the characteristics, such as radio-
frequency characteristics, of the semiconductor device 2E1.

The semiconductor device 2E1 according to the fifth
embodiment may not necessarily have the second recesses
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1c. Although the operation and advantages specific to the
second recesses 1¢ are not provided, the foregoing operation
and advantages specific to the interposer wiring lines 16 of
the semiconductor device 2E1 according to the fifth embodi-
ment are provided.

Although the wiring lines 13 formed along the outer
periphery of the interposer 1D to form connections between
the Cu plating layer 42a forming the interposer wiring lines
16 immediately under the solder 11 and the metal parts 5 are
not shown, the semiconductor device 2E1 according to the
fifth embodiment may have the wiring lines 13. This further
improves the heat dissipation performance for the heat
generated by the functional elements 6.

Although the semiconductor device 2E1 according to the
fifth embodiment has the wiring lines 14 formed along the
outer periphery of the interposer 1D, the semiconductor
device 2FE1 may be modified into a semiconductor device
2E2 having the structure shown 1n FIG. 6B, which lacks the
wiring lines 14. The semiconductor device 2E2 according to
the modification of the fifth embodiment lacks the wiring
lines 14; instead, vias 50 made of a metal such as Cu are
formed through the protrusions 156 of the interposer 1D to the
Cu plating layer 42a. The lack of the wiring lines 14 poses
no problem since, whereas some of the heat generated by the
functional elements 6 1s dissipated through the vias 50, most
of the heat 1s dissipated from the bumps 8 to the mounting
substrate 3 through the metal parts that form the wiring lines
16 formed 1n the first recesses 1a so as to extend through the
interposer 1D.

For the semiconductor device 2E1 according to the fifth
embodiment, as shown in FIG. 8A, the interposer 1D 1s
formed by laminating the insulators 41¢ and 41d to the
insulators 41a and 415. In contrast, for the semiconductor
device 2E2 according to the modification of the fifth
embodiment, the insulator 41¢ 1s formed on the 1insulator 41a
by coating and firing, as in the step of forming the insulator
415 on the mnsulator 41q 1 FIGS. 7C and 7D. Openings for
the vias 50 are formed in the 1nsulator 41¢ and are filled with
a metal for the vias 50, and the wiring lines 9 or the passive
clements 10 are formed on the protrusions 1b. The first
recesses 1a are formed by openmings 1n the insulator 41¢. The
insulator 414 and the second recesses 1c¢ are formed 1n the
same manner as above. The semiconductor device 2E2
according to the modification of the fifth embodiment does
not require the wiring lines 14 to be formed along the outer
periphery of the interposer 1D, which reduces the manufac-
turing cost of the semiconductor device 2E2.

FIG. 9 15 a sectional view of a semiconductor device 2F
including an mterposer 1E according to a sixth embodiment
of the present disclosure. In this figure, the same reference
numerals are assigned to the parts identical or corresponding
to those 1 FIG. 6A, and a description thereof 1s omutted
herein.

The semiconductor device 2F according to the sixth
embodiment differs from the semiconductor device 2F1
according to the fifth embodiment only 1n that the interposer
wiring lines 16 are replaced by interposer wiring lines 17
having wvias 46 serving as conductive paths extending
through the portions of the interposer 1E under the bottom
surfaces of the first recesses 1a. The remaining configuration
1s stmilar to that of the semiconductor device 2E1 according
to the fifth embodiment. The iterposer wiring lines 17
clectrically and thermally connect both surfaces of the
interposer 1E, as do the interposer wiring lines 16.

Although the interposer 1E has through-holes formed
therein and thus exhibits decreased mechanical strength, the
operation and advantages of the semiconductor device 2F
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according to the sixth embodiment are similar to those of the
semiconductor device 2C according to the third embodi-
ment. For the semiconductor device 2F according to the
sixth embodiment, as with the semiconductor device 2E1
according to the fifth embodiment, the bumps 8 on the
semiconductor chip 4 can be connected to the metal parts 5
on the surface of the mounting substrate 3 at a shorter
distance through the interposer wiring lines 17. In addition,
the bumps 8 can be connected to the metal parts 5 on the
surface of the mounting substrate 3 over a larger cross-
sectional area. The passive elements 45, such as capacitors
and inductors, formed on the iterposer wiring lines 17 can
also be connected to the bumps 8 at a shorter distance. This
improves the heat dissipation performance for the heat
generated by the functional elements 6 and dissipated to the
mounting substrate 3 of the semiconductor device 2F
according to the sixth embodiment and also reduces the
parasitic inductance and resistance of the mterposer wiring,
lines 17, thus improving the radio-frequency characteristics
ol the semiconductor device 2F.

The semiconductor device 2F according to the sixth
embodiment may not necessarily have the second recesses
1c. Although the operation and advantages specific to the
second recesses 1c¢ are not provided, the foregoing operation
and advantages specific to the interposer wiring lines 17 of
the semiconductor device 2F according to the sixth embodi-
ment are provided.

Although the wiring lines 13 formed along the outer
periphery of the interposer 1E to form connections between
the Cu plating layer 42a forming the interposer wiring lines
17 immediately under the solder 11 and the metal parts 5 are
not shown, the semiconductor device 2F according to the
sixth embodiment may have the wiring lines 13. This further
improves the heat dissipation performance for the heat
generated by the functional elements 6. As with the semi-
conductor device 2E2 according to the modification of the
fifth embodiment, the semiconductor device 2F according to
the sixth embodiment may lack the wiring lines 14 formed
along the outer periphery of the interposer 1E, which
reduces the manufacturing cost of the semiconductor device
2F.

FIG. 10 1s a sectional view of a semiconductor device 2G
including an interposer 1F according to a seventh embodi-
ment of the present disclosure. In this figure, the same
reference numerals are assigned to the parts i1dentical or
corresponding to those 1n FIG. 5, and a description thereof
1s omitted herein.

The semiconductor device 2G according to the seventh
embodiment differs from the semiconductor device 2D
according to the fourth embodiment only 1n that the inter-
poser wiring lines 9 have vias 46 serving as conductive paths
extending through the portions of the interposer 1F under the
bottom surfaces of the first recesses 1la. The remaining
configuration 1s similar to that of the semiconductor device
2D according to the fourth embodiment.

Although the interposer 1F has through-holes formed
therein and thus exhibits decreased mechanical strength, the
operation and advantages of the semiconductor device 2G
according to the seventh embodiment are similar to those of
the semiconductor device 2D according to the fourth
embodiment. For the semiconductor device 2G according to
the seventh embodiment, as with the semiconductor device
2F according to the sixth embodiment, the bumps 8 on the
semiconductor chip 4 can be connected to the metal parts 5
on the surface of the mounting substrate 3 at a shorter
distance through the interposer wiring lines 9. In addition,
the bumps 8 can be connected to the metal parts 5 on the
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surface of the mounting substrate 3 over a larger cross-
sectional area. This improves the heat dissipation perfor-
mance for the heat generated by the functional elements 6
and dissipated to the mounting substrate 3 of the semicon-
ductor device 2G according to the seventh embodiment and
also reduces the parasitic inductance and resistance of the
interposer wiring lines 9, thus improving the radio-fre-
quency characteristics of the semiconductor device 2G.

FIG. 11 1s a sectional view of a semiconductor device 2H
including an interposer 1G according to an eighth embodi-
ment of the present disclosure. In this figure, the same
reference numerals are assigned to the parts identical or
corresponding to those 1n FIG. 10, and a description thereof
1s omitted herein.

The semiconductor device 2H according to the eighth
embodiment differs from the semiconductor device 2G
according to the seventh embodiment only in that the
semiconductor device 2H does not have the metal films 15
or the second recesses 1c. The remaining configuration 1s
similar to that of the semiconductor device 2G according to
the seventh embodiment.

Although the operation and advantages specific to the
metal films 15 and the second recesses 1¢ are not provided,
the remaining operation and advantages of the semiconduc-
tor device 2H according to the eighth embodiment are
similar to those of the semiconductor device 2G according
to the seventh embodiment.

FIG. 12 1s a sectional view of a semiconductor device 21
including an interposer 1G according to a ninth embodiment
of the present disclosure. In this figure, the same reference
numerals are assigned to the parts 1dentical or corresponding
to those 1 FIG. 10, and a description thereof 1s omitted
herein.

The semiconductor device 21 according to the ninth
embodiment differs from the semiconductor device 2G
according to the seventh embodiment only in that the
semiconductor device 21 does not have the second recesses
1c. The remaining configuration 1s similar to that of the
semiconductor device 2G according to the seventh embodi-
ment.

Although the operation and advantages specific to the
second recesses 1c¢ are not provided, the remaining operation
and advantages of the semiconductor device 21 according to
the ninth embodiment are similar to those of the semicon-
ductor device 2G according to the seventh embodiment.

Although the wiring lines 13 formed along the outer
periphery of the mterposers 1F and 1G to form connections
between the mterposer wiring lines 9 immediately under the
solder 11 and the metal parts 5 are not shown, the semicon-
ductor devices 2G, 2H, and 2I according to the seventh,
cighth, and ninth embodiments may have the wiring lines
13. This further improves the heat dissipation performance
for the heat generated by the functional elements 6.

Although the semiconductor chips 4 of the semiconductor
devices 2A to 21 according to the foregoing embodiments
have been described by way of example as including the
HBTs 6A as the functional elements 6, the functional ele-
ments 6 are not limited to the HBTs 6A. Similar operation
and advantages can be provided for other functional ele-
ments such as field-eflect transistors and unipolar transis-
tors. The present disclosure 1s particularly eflective for
semiconductor chips 4 including functional elements 6 that
generate large amounts of heat and allows the semiconduc-
tor devices 2A to 21 to have a lower profile while reducing
the degradation of the characteristics of the functional
clements 6 due to heat and the likelihood of thermal run-
away.
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While preferred embodiments of the disclosure have been
described above, 1t 1s to be understood that variations and
modifications will be apparent to those skilled 1in the art
without departing from the scope and spirit of the disclosure.
The scope of the disclosure, therefore, 1s to be determined
solely by the following claims.

What 1s claimed 1s:

1. A semiconductor device comprising;:

a mounting substrate having a metal part provided in
contact with an electrode pad on a surface of the
mounting substrate such that the metal part protrudes
from the surface of the mounting substrate;

a semiconductor chip having a functional element and a
bump provided in contact with an element wiring line
of the functional element such that the bump protrudes
from a surface of the semiconductor chip; and

an terposer mterposed between the semiconductor chip
and the mounting substrate such that the surface of the
semiconductor chip having the bump provided thereon
faces the surface of the mounting substrate,

wherein the interposer has a first recess provided 1 a
surface of the interposer facing the surface of the
semiconductor chip having the bump provided thereon
such that the first recess accommodates the bump, and

wherein an interposer wiring line providing a connection
between the bump protruded into the first recess and the
metal part or a passive element disposed on the metal
part 1s provided in the first recess,

wherein a second 1nterposer wiring line connected to the
metal part 1s disposed on a top of the first recess, such
that the second interposer wiring line receives heat
from the functional element and transmits the heat to
the metal part.

2. The semiconductor device according to claim 1,
wherein the iterposer wiring line or the passive element
provided 1n the first recess 1s connected to the metal part
through a wiring line provided along an outer periphery of
the 1nterposer.

3. The semiconductor device according to claim 2,
wherein

the interposer wiring line or the passive element con-
nected to the interposer wiring line 1s disposed on a
surface of a protrusion of the interposer facing the
surface of the semiconductor chip having the bump
provided thereon such that the interposer wiring line or
the passive eclement 1s separated from the surface
having the bump provided thereon, and

the interposer wiring line or the passive element disposed
on the surface of the protrusion i1s connected to the
metal part through a wiring line formed along an outer
periphery of the interposer.

4. The semiconductor device according to claim 2,

wherein

the mterposer has a metal film provided on a surface of the
interposer opposite to the surface having the first recess
provided therein such that the metal film faces the
metal part,

the interposer wiring line or the passive element con-
nected to the interposer wiring line 1s disposed on a
surface of a protrusion of the interposer facing the
surface of the semiconductor chip having the bump
provided thereon such that the interposer wiring line or
the passive element 1s separated from the surface on
which the bump i1s formed, and

the interposer wiring line or the passive element disposed
on the surface of the protrusion i1s connected to the
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metal film through a wiring line provided along an
outer periphery of the interposer.

5. The semiconductor device according to claim 2,
wherein the interposer has a second recess provided in a
surface of the iterposer facing the surface of the mounting
substrate such that the second recess accommodates the
metal part.

6. The semiconductor device according to claim 2,
wherein the interposer wiring line provided in the first recess
extends between both surfaces of a portion of the interposer
under a bottom surface of the first recess.

7. The semiconductor device according to claim 1,
wherein

the interposer wiring line or the passive element con-

nected to the interposer wiring line 1s disposed on a
surface of a protrusion of the interposer facing the
surface of the semiconductor chip having the bump
provided thereon such that the interposer wiring line or
the passive eclement 1s separated from the surface
having the bump provided thereon, and

the interposer wiring line or the passive element disposed

on the surface of the protrusion i1s connected to the
metal part through a wiring line formed along an outer
periphery of the interposer.

8. The semiconductor device according to claim 7,
wherein

the interposer has a metal film provided on a surface of the

interposer opposite to the surface having the first recess
provided therein such that the metal film faces the
metal part,

an 1terposer wiring line or a passive element connected

to the interposer wiring line 1s disposed on a surface of
a protrusion of the interposer facing the surface of the
semiconductor chip having the bump provided thereon
such that the interposer wiring line or the passive
clement 1s separated from the surface on which the
bump 1s formed, and

the interposer wiring line or the passive element disposed

on the surface of the protrusion i1s connected to the
metal film through a wiring line provided along an
outer periphery of the interposer.

9. The semiconductor device according to claim 7,
wherein the interposer has a second recess provided in a
surface of the interposer facing the surface of the mounting
substrate such that the second recess accommodates the
metal part.

10. The semiconductor device according to claim 7,
wherein the interposer wiring line provided in the first recess
extends between both surfaces of a portion of the interposer
under a bottom surface of the first recess.

11. The semiconductor device according to claim 1,
wherein

the interposer has a metal film provided on a surface of the

interposer opposite to the surface having the first recess
provided therein such that the metal film faces the
metal part, and

the interposer wiring line or the passive element formed

in the first recess 1s connected to the metal film through
a wiring line formed along an outer periphery of the
interposer.

12. The semiconductor device according to claim 11,
wherein the imterposer has a second recess provided 1 a
surface of the iterposer facing the surface of the mounting
substrate such that the second recess accommodates the
metal film and the metal part.

13. The semiconductor device according to claim 11,
wherein
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the mterposer has a metal film provided on a surface of the
interposer opposite to the surface having the first recess
provided therein such that the metal film faces the
metal part,

the interposer wiring line or the passive element con-
nected to the interposer wiring line 1s disposed on a
surface of a protrusion of the interposer facing the
surface of the semiconductor chip having the bump
provided thereon such that the interposer wiring line or
the passive element 1s separated from the surface on
which the bump 1s formed, and

the interposer wiring line or the passive element disposed
on the surface of the protrusion i1s connected to the
metal film through a wiring line provided along an
outer periphery of the interposer.

14. The semiconductor device according to claim 1,

wherein

the mterposer has a metal film provided on a surface of the
interposer opposite to the surface having the first recess
provided therein such that the metal film faces the
metal part,

the interposer wiring line or the passive element con-
nected to the interposer wiring line 1s disposed on a
surface of a protrusion of the interposer facing the
surface of the semiconductor chip having the bump
provided thereon such that the interposer wiring line or
the passive element 1s separated from the surface on
which the bump i1s formed, and

the interposer wiring line or the passive element disposed
on the surface of the protrusion i1s connected to the
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metal film through a wiring line provided along an
outer periphery of the interposer.

15. The semiconductor device according to claim 14,
wherein the interposer has a second recess provided in a
surface of the interposer facing the surface of the mounting,
substrate such that the second recess accommodates the
metal film and the metal part.

16. The semiconductor device according to claim 1,
wherein the imterposer has a second recess provided 1n a

surface of the mterposer facing the surface of the mounting
substrate such that the second recess accommodates the
metal part.

17. The semiconductor device according to claim 1,
wherein the interposer wiring line provided in the first recess
extends between both surfaces of a portion of the interposer
under a bottom surface of the first recess.

18. The semiconductor device according to claim 1,
wherein the interposer wiring line provided 1n the first recess
has a conductive path extending through a portion of the
interposer under a bottom surface of the first recess.

19. The semiconductor device according to claim 1,
wherein a region having the functional element provided
partially or completely overlaps with a region having the
bump provided 1n a thickness direction of the semiconductor
chip.

20. The semiconductor device according to claim 1,

wherein the functional element 1s a heterojunction bipolar
transistor.
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